Cellulose degrading fungi such as Hypocrea jecorina secrete several cellulases including the two cellobiohydrolases (CBHs) Cel6A and Cel7A. The two CBHs differ in catalytic mechanism, attack different ends, belong to different families, but are both processive multidomain enzymes that are essential in the hydrolysis of cellulose. Here we present a direct kinetic comparison of these two enzymes acting on insoluble cellulose. We used both continuous-and end-point assays under either enzyme-or substrate excess, and found distinct kinetic differences between the two CBHs. Cel6A was catalytically superior with a maximal rate over four times higher than Cel7A. Conversely, the ability of Cel6A to attack diverse structures on the cellulose surface was inferior to Cel7A. This latter difference was pronounced as the density of attack sites for Cel7A was almost an order of magnitude higher compared to Cel6A. We conclude that Cel6A is a fast but selective enzyme and that Cel7A is slower, but promiscuous. One consequence of this is that Cel6A is more effective when substrate is plentiful, while Cel7A excels when substrate is limiting. These diverse kinetic properties of Cel6A and Cel7A might elucidate why both cellobiohydrolases are prominent in cellulolytic degrading fungi.
Introduction
Cel6A and Cel7A are the two most abundant cellulases secreted from Hypocrea jecorina (teleomorph of Trichoderma reesei) [1] [2] [3] and these cellobiohydrolases (CBHs) are essential for an efficient cellulose degradation. They are both multi domain enzymes [4, 5] composed by a large catalytic domain (CD) and a small carbohydrate binding domain (CBM) connected by a flexible and glycosylated linker. They also share the properties of primarily attacking the cellulose chain from the end, and processively hydrolyzing one cellulose strand, which is bound in a long catalytic tunnel [4, 5] . The two enzymes differ in several other aspects. They have different overall folds and belong to different GH families. They also have different mechanisms as Cel7A attacks reducing ends of cellulose strands and performs a retaining hydrolytic reaction. Conversely, Cel6A attacks non-reducing ends and utilizes an inverting mechanism [6, 7] . The overall arrangements of domains are opposite in the sense that the CBM makes up the C-terminal for Cel7A, while it is the N-terminal in Cel6A. Another difference, which may be particularly important from a kinetic point of view, is the design of the substrate binding region. Cel7A has a 50 Å long cleft in the CD, which is covered by 4 pairs of loops that protrude from each side of the cleft [4, 8] . Although these peripheral loops are not connected by any covalent bonds, they essentially cover the cleft and hence give rise to a tunnel shaped binding region with the active site towards the product end. Cel6A, on the other hand, has a shorter binding cleft, which is covered by 2 loops that are proposed to be more flexible [5, [8] [9] [10] [11] [12] , and this more open and dynamic structure may be associated with a faster and facilitated substrate binding and dissociation from the substrate for Cel6A [13] .
One appealing interpretation of the prevalence of Cel6-Cel7 mixtures in the secretome of H. jecorina and other cellulose degrading fungi is that differences in their activities and specificities help the organisms degrade diverse structures of cellulose in plant biomass. This idea is supported by the observation of a significant degree of synergy between Cel7A and Cel6A during the break-down of pure cellulose [14] [15] [16] [17] . The level of kinetic understanding for the two types of CBHs varies. Hence, kinetic aspects of a number of fungal Cel7 enzymes, in particular Cel7A from H. jecorina, has been studied quite comprehensively (see [18] for a review), and this has made Cel7A-kinetics the best understood among cellulases. Cel6A, on the other hand, is less investigated although important progress has been made [12, 13, 19] . Direct kinetic comparisons of the two enzymes have not been made, and this hampers discussions of their roles and interrelationships in the cellulolytic process. Particularly so as cellulase kinetics is notorious for its dependence on substrate properties and experimental conditions, thus making kinetic parameters from different studies hard to compare. Here, we report a thorough kinetic characterization using methods that allow direct comparison of Cel6A and Cel7A. The results unveiled distinctive kinetic differences between the enzymes. In particular we found that Cel6A is a much faster enzyme with a maximal initial rate about four times higher than
Cel7A. Conversely, Cel6A is far inferior with respect to the ability to attack diverse sites on the substrate surface. Thus, Cel6A only recognized comparably few sites for enzymatic attack, while Cel7A was able to initiate catalysis on most of its adsorption sites. We speculate that these differences could be important for the efficacy of Cel6A-Cel7A mixtures against complex lignocellulosic biomass.
Materials and Methods

Enzymes and substrate
Enzymes were expressed heterologously in Aspergillus oryzae and purified as described elsewhere [20, 21] . Concentrations were determined by UV absorption at 280 nm using theoretical [22] extinction coefficients of 97,790 M -1 cm -1 (Cel6A), 86,760 M -1 cm -1 (Cel7A) and 177,880 M -1 cm -1 (β-glucosidase). All experiments were performed in 50 mM NaAcetate pH 5.0 at 25°C and Avicel (PH101, Sigma Aldrich 11365), that had initially been washed and precipitated five times in buffer, was used as substrate. Avicel consists of microcrystalline cellulose, and the product used here has a typical particle size of 10-50 µm [23] . The quenched flow instruments works better with smaller particles, and the substrate used here was dispersed for 10 min with an ultra Turrax T25 Basic (IKA, Staufen, Germany) coaxial homogenizer with a nominal final particle size of 5 µm. Earlier work has shown that the crystallinity of the dispersed Avicel was not changed [24] .
Reducing Sugar Activity Assays
Activity assays were based on quantification of reducing sugars using the parahydroxybenzoic acid hydrazide (PAHBAH) method [25] following an experimental procedure described elsewhere [21] . We used 0.2 µM of enzyme and substrate loads ranged from 1 g/L to 80 g/L Avicel (including controls with no substrate). After 1 h hydrolysis, the reaction was quenched by centrifugation at 2000 g, and 11 µl 1 µM β-glucosidase from Aspergillus oryzae was added to 100 µl supernatant. This mixture was allowed to react for 1 h at room temperature to convert all soluble sugars to glucose. After the PAHBAH reaction, concentrations were determined in a plate reader (Spectra Max 3, Molecular Devices, Sunnyvale, Ca) using absorption at 405 nm and a glucose standard series from 0-500 µM. In the inverse MM approach a constant substrate load of 2 g/L Avicel was used with varying enzyme concentrations ranging from 0.1 µM to 10 µM all in the presence of 0.1 µM βglucosidase. All experiments were carried out in triplicates.
Binding isotherms
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5 Binding isotherms were made with different enzyme concentrations ranging from 0.1-6 µM on Avicel. On Thurax dispersed Avicel the enzyme concentration range was 0.05-8 µM. In both cases, standards with the same enzyme concentrations in buffer were also made. After 30 min equilibration time, the Avicel samples were centrifuged at 2000 g and the concentration of enzyme in the supernatant was determined from the intrinsic fluorescence as described previously [21] . In addition to the 100 µL supernatant we added another 50 µL buffer to each well before measuring the intrinsic fluorescence, since the larger volume resulted in less noisy fluorescence measurement. 10 g/L washed Avicel or 10 g/L washed and turraxed Avicel was used as substrate.
Real time activity
Real time hydrolysis was measured using a pyranose dehydrogenase (PDH) biosensor, which detects both -and -anomers of soluble sugars. PDH biosensors were prepared according to a previously published protocol [26] except that benzoquinone was used as mediator. In the hydrolysis experiments we used 40 g/L Avicel and doses of 100 nM enzyme (final concentration). Progress curves at 25°C were followed over 5 min in experiments with either one dosage at t=0 or two dosages at t=0 and t=150 s (the latter giving a total enzyme concentration of 200 nM). Comparisons of single and double dose experiments were used to elucidate the enzymes' sensitivity to small substrate modifications. The sensors were calibrated with cellobiose solutions ranging from 0-50 µM as described in detail elsewhere [26] .
Quench flow
Quenched flow measurements were made on a system recently developed for enzyme reactions on solid substrates catalysis [27] , and used to estimate the specific activity at the initial rapid phase. We used 10 g/L turraxed Avicel and 0.5 µM of enzyme in this assay, where a flow of enzyme and substrate generated by a peristaltic pump are mixed in a mixing tee and subsequently "aged" by passing through loops of tubing of different length [27] . By using different flow rates and different loops the enzyme substrate solution was quenched with 0.1 M NaOH giving a hydrolysis time resolution ranging from 250 ms to 3000 ms. All samples were run in triplicate (three separate experiments through the same loop). Samples were collected in a deepwell plate and supernatants were isolated from the insoluble Avicel by centrifugation (1000 g, 3 min). Hereafter analyzed by High-Performance
Anion-Exchange Chromatography with Pulsed Amperometric Detection (HPAEC-PAD) using a Dionex ICS-5000 instrument fitted with a CarboPac PA10 column (Thermo Scientific, Waltham, MA). Cellobiose contents were calculated against an 8-point external standard.
Blanks were subtracted the samples and carried out as the samples except that the enzymes were quenched with NaOH prior to the experiments.
Results and data analysis
The initial hydrolysis rate for cellulases generally levels off towards a constant value when either the substrate load or the enzyme concentration is increased [28] [29] [30] [31] . This is sometimes called "double saturation" [32] and it implies that a saturation curve for the initial rate can be acquired from two types of experiments. The first is the conventional Michaelis Menten approach, where experiments are set up with a low, constant enzyme concentration and the initial, steady state rates is measured for gradually increasing substrate loads (see [33] [34] [35] for examples with cellulases). Alternatively, one may strive for the opposite limit and conduct the experiments at a constant and low substrate load and excess of enzyme. In this latter case, initial rates are measured and plotted as a function of the enzyme concentration (c.f. Fig. 1B ).
This idea of using enzyme excess is unusual, but has nevertheless been suggested within different areas of enzymology [36] [37] [38] [39] [40] . We have recently argued [41] that both experimental conditions (enzyme excess and substrate excess) may be analyzed by a simple steady-state treatment, and that combined interpretation of the kinetic parameters from each of these two approaches provide particular insights into a given cellulase-substrate system. In the current work we will use this combined analysis to highlight differences between Cel7A and Cel6A.
Initial steady-state rates measured under substrate excess were plotted against the substrate load in Fig. 1C and analyzed with respect to eq. (1).
Henceforth, we will call eq. (1) the conventional Michaelis Menten (MM-) equation and identify its parameters by the superscript conv. In eq. (1), conv v is the rate measured under substrate excess, and S0 is the load of substrate in g/L. It follows that conv KM, the substrate load at halfsaturation, also has units of mass per volume (c.f. Fig. 1A ). The validity of this simple MM equation for processive enzymes (like Cel7A or Cel6A) has been discussed earlier [33] . This work showed that the steady state rate could be expressed by eq. (1), although there were some differences in the meaning of the kinetic parameters compared to simple MM theory.
These differences are discussed in detail elsewhere [33] , but they are not important for the comparative analysis presented here.
Steady-state rates measured under enzyme excess were plotted against the enzyme concentration in Fig. 1D , and analyzed with respect to eq. (2), which we will call the inverse MM equation [41] ,
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In eq. (2), E0 is the total enzyme concentration in µM, and inv KM is the concentration (µM) required to reach half saturation (c.f. Fig. 1B ). Lines in panels with experimental data represent non-linear regression with respect to eq. (1) (Fig. 1C ) or eq. (2) (Fig. 1D ), and the kinetic parameters convVmax/E0, conv KM, inv Vmax/S0 and inv KM derived from the regression analyses are listed in Tab. 1. Cel7A 0.20 ± 0.01 9 ± 2 0.057 ± 0.001 1.34 ± 0.11 Table 1 Kinetic parameters from the conventional-and inverse Michaelis Menten analysis. Standard errors are from the the fit of eq. 1 and eq. 2 to the experimental data.
In the conventional MM plot ( Fig 1C) Cel6A showed higher steady-state rates at all substrate loads, and the specific maximal rate conv Vmax/E0 was > 4 times higher for Cel6A (0.87 s -1 )
compared to Cel7A (0.20 s -1 ). The conventional Michaelis constant, conv Km, was approximately 3 times higher for Cel6A indicating lower substrate affinity. In the inverse analysis, on the other hand, Cel7A showed higher activity, and the maximal specific rate, inv Vmax/S0, was 0.057 µmol g -1 s -1 for Cel7A compared to 0.033 µmol g -1 s -1 for Cel6A.
The kinetic response to two sequential enzyme doses was tested by biosensor measurements. Results in Fig. 2 show that the cellobiose production by Cel6A over 150 s was about two-fold higher than for Cel7A (100 nM enzyme and 40 g/L Avicel in both cases).
When a second enzyme dose was added after 150 s (raising the total concentration to 200 nM) we found a significant reduction in the kinetic response for Cel6A (see insert). In other words the specific activity of the enzymes in the second dose was lower compared to the enzymes in the first dose (the second dose generated about 57% of the cellobiose produced by the first dose over the 150 s course). It is worth noticing that this reduction in specific activity happened although the degree of substrate conversion (about 0.01 %) and enzyme coverage of the substrate (about 2% of saturation, c.f. Fig. 4 below) were both very low. For
Cel7A, which had similar low conversion and coverage, we observed a smaller difference between the first and second dose of enzyme. Here the product made by the second dose was 83% of the first dose. We conclude that Cel6A is more sensitive than Cel7A to changes brought about as the reaction progresses. The distinctive reduction in specific activity even for very low coverage and degree of conversion suggests that high Avicel conversion will be hard to attain even in prolonged reactions with these mono-component enzymes. This, in turn, may be related to the pronounced synergy of Cel6A and Cel7A (so-called exo-exo synergy), which probably reflects specificity for different types of surface structures and hence the ability of one enzyme to exhume good attack sites for the other [42, 43] , but we will not pursue this topic further in the current work. In the first measurement 100 nM enzyme was added to 40 g/LAvicel at t =0 and the progress curve was recorded for 300 s. The second experiment was started in the same way (and hence the curves are initially superimposed), but at t =150 s a second enzyme dosage was added (total concentration now 200 nM enzyme). The effect of the second dosage (from t =150 s to t =300 s) was calculated as the difference between the two curves and plotted together with the first 150 s of the progress curve in the insert. It appears that the second dosage has less effect on the progress curve for Cel7A compared to Cel6A.
We used quenched-flow measurements to elucidate the initial substrate attack and the activity at extremely low degrees of substrate conversion. Results in Fig. 3 show that Cel6A initiated hydrolysis much faster than Cel7A. Thus, the slope over the first second for Cel6A corresponded to a turnover of over 10 s -1 , while the rate for Cel7A was an order of magnitude lower. After the pronounced initial burst in Cel6A activity, which lasted about 0.8 s, the progress curve for this enzyme became near-linear with a slope corresponding to a specific rate of 1.3 s -1 . Cel7A also showed signs of an early burst for t < 0.5 s, but the amplitude of this effect was very low (0.5 µM), and comparable to the experimental scatter.
Earlier work has shown a strong burst in Cel7A activity with a maximum rate after 5-10 s [27, 44] , i.e. later than the highest times considered in Fig. 3 . More work including the use of higher dilutions and lower temperatures (to slow down the reaction) will be required to elucidate this possible rapid phase in Cel7A activity. Here we just note that to within the
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9 experimental scatter, the progress curve for Cel7A was linear over the 6 s time interval covered in Fig. 3 . The slope suggested a specific activity of about 0.35 s -1 for Cel7A. To enable comparisons of the kinetic data and the extent of surface coverage we measured the concentration of free enzyme, Efree, in 10 g/L Avicel suspensions as a function of the total enzyme concentration. We calculated the surface coverage, 0 0 () free EE S   in µmol/g cellulose and plotted this parameter against Efree in Fig. 4 . As often seen for cellulases [45] , a simple Langmuir isotherm, Triangles and dotted lines are the analogous data for Avicel (10 g/L) that had been dispersed by a Thurax homogenizer. The latter substrate was used in the quenched-flow measurements while the former was used in other activity assays.
Figure 3
Binding isotherms Avicel
Binding isotherms Thuraxed Avicel
Cel6A 0.17 ± 0.01 0.23 0.49 ± 0.01 1.01
Cel7A 0.30 ± 0.03 0.28 0.75 ± 0.02 1.77 Table 2 Parameters extracted from the binding isotherms made with 10 g/L Avicel and 10 g/L thuraxed Avicel.
From the binding isotherms we found a higher saturation coverage ( ) for Cel7A compared to Cel6A, and this is in line with earlier reports [45, 48, 49] . Also, the affinity for Avicel, as indicated by the partitioning constant, Kp, was moderately higher for Cel7A as seen previously [45, 48] . For both Cel6A and Cel7A the saturation coverage increased after the substrate was homogenized (Thuraxed), probably as a result of a larger specific surface area in the dispersed samples.
Discussion
Many cellulose degrading fungi have secretomes that are dominated by mixtures of cellobiohydrolases (CBHs) from respectively Glucoside Hydrolase family 6 and 7. CBHs from both families are processive and primarily exo-lytic enzymes [4-6, 42, 50, 51] although they both show a small auxiliary endo-activity [14, 42, 52, 53] . They are structurally rather different and utilize respectively the retaining (GH7) and inverting (GH6) hydrolytic mechanism. The two CBHs have also been reported to have quite different specificities with respect to the physical properties of the cellulose surface they attack [54], and perhaps for this reason, they can show a significant degree of synergy, when they act simultaneously or sequentially on the same substrate [14-17]. The kinetics of both CBHs has been studied separately and especially the kinetics of Cel7A has been exposed to comprehensive investigations. However, direct biochemical comparisons of the two cellobiohydrolases have not been presented. This limits appraisals of their differences because kinetic studies of cellulases acting on insoluble substrates tend to give quite variable parameters in different trials, possibly as a result of subtle differences in the physical properties of the insoluble cellulose (c.f. Fig. 4 ) and complications associated with homogenizing the two-phase reaction system. In the current work we report kinetic measurements for Cel7A and Cel6A from H. jecorina under equal conditions and use this information to highlight kinetic similarities and differences. We used the standard substrate, Avicel, which is purified from wood and composed of
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11 microcrystalline-and amorphous cellulose [55, 56] . Avicel particles have a complex structure with a high degree of roughness [23] , which probably present a diversity of attack sites for the enzymes.
As illustrated in Fig. 1A , saturation in the conventional MM-approach implies that all enzyme is complexed, and in analogy with the usual MM-treatment, we may consider the maximal specific rate, ( conv Vmax/E0) listed in Tab. 1 as a measure of the rate constant, kcat at steady-state, governing the release of product from such complexes. Interestingly, this turnover number is over four-fold faster for Cel6A (kcat = 0.87 s -1 ) compared to Cel7A (kcat = 0.20 s -1 ), and we deduce that the former enzyme is superior with respect to catalytic efficacy. Turning to the inverse maximal rates we found the opposite picture with almost twice as high a value for Cel7A
(respectively 0.057 µmolg -1 s -1 and 0.033 µmolg -1 s -1 for Cel7A and Cel6A, see Tab. 1). To illustrate the meaning of this, we first introduce a parameter, kin max in units of µmol/(g cellulose), which enumerates accessible attack sites on the surface of the substrate. These attack sites represents loci where the enzyme can bind and initiate hydrolysis, and they are indicated by the small grey-and-white squares in the cartoons in Fig. 1 . kin max is related to the adsorption saturation max (Tab 2), and we will discuss this below, but for now we just emphasize that these two parameters are different as not all adsorption sites are necessarily competent for catalysis. When kinetic saturation occurs in inverse MM-experiments (i.e. with a large excess of enzyme, see Fig. 1B ) all attack sites are complexed. Hence, we may say that the molar concentration of enzyme-substrate complexes is kin maxS0, and as the rate of product formation is governed by kcat, the hydrolytic rate may be written 
Insertion of the data from Tab. 1 into eq. (4) gives kin max values of 0.29±0.02 µmol/g and 0.038±0.003 µmol/g for Cel7A and Cel6A respectively, and these numbers reveal another central difference between these enzymes. Thus, Cel7A is able to locate almost an order of magnitude more attack sites on Avicel compared to Cel6A. This means that the higher inverse maximal rate for Cel7A ( Fig. 1D ) occurs in spite of the lower catalytic rate of this enzyme. We interpret this as Cel7A being more efficient in attacking a broad range of structures on the cellulose surface. One way to perceive this disparity between Cel7A and Cel6A is in terms of substrate specificity. Typically, specificity describes the relative activity of an enzyme against chemically distinct substrates. In the current context, we are considering substrate (i.e. attack sites) of the same chemical composition, but with physical (structural) differences. With this proviso, we may say that Cel6A showed high specificity and only hydrolyzed a small subset of the available surface sites. Conversely, Cel7A was a promiscuous cellulase that hydrolyzed almost any site it associated with. This may be further illustrated by comparing kin max and the adsorption saturation parameter, max (Tab 2). For Cel7A these parameters were equal whereas for Cel6A binding saturation (0.17 µmol/g) much exceeded the density of attack sites (0.038 µmol/g). This again suggests that Cel7A initiates hydrolysis on essentially all sites to which it binds while Cel6A is unable to attack the majority of its adsorption sites, and hence shows a larger degree of unproductive binding. Thus Cel6A has a high catalytic speed, but a poor ability to locate attack sites on Avicel compared to Cel7A. The suggestion that Cel6A is superior with respect to catalytic speed is corroborated by the quenched flow measurements in Fig. 3 . Hence, the specific rate of Cel6A at very low reaction times (t < 1 s), exceeded 10 s -1 , and to our knowledge this is the fastest room-temperature rate reported hitherto for a CBH acting on insoluble cellulose. One possible origin of the higher catalytic rate for Cel6A could be the inverting (one-step) catalytic mechanism of this enzyme, but the current results support another interpretation. Thus, the transient specific rate over the first second is an order of magnitude higher than kcat at steady state ( conv Vmax/E0 = 0.87 s -1 ; see above). This behavior with an initial burst followed by a much slower steady state rate parallels the kinetics of Cel7A, and implies that the rate of enzyme-substrate dissociation at the end of a processive sweep determines the overall rate at steady state [44, [57] [58] [59] . In light of that, the high catalytic efficacy of Cel6A may reflect weaker interactions with the substrate, which leads to faster dissociation rate and short residence time of unproductive enzyme-substrate complexes. Faster dissociation would appear likely for Cel6A as its substrate-binding cleft is less covered compared to Cel7A [4, 5, 9] . A weaker binding of Cel6A could also be related to the lower (structural) specificity of this enzyme (discussed above). This is because transfer of a piece of cellulose strand from its crystal to the substrate-binding site of the enzyme requires strong interactions to compensate for the loss of crystal lattice energy [60, 61] . If such interactions are weaker in Cel6A compared to Cel7A, there will be fewer sites, where this transfer can occur spontaneously for Cel6A. The kinetic measurements suggested an order of magnitude fewer sites for Cel6A and insufficient binding energy (low substrate affinity) could potentially underlie this observation. It could also rely on differences in glycosylation. Thus, in silico studies [62] have suggested attractive forces between O-glycans on the linker of Cel7A and cellulose, and this could clearly also influence substrate affinity and dissociation rates. Further progress in these structural interpretations awaits direct investigations of structure and kinetics of enzyme variants. With respect to substrate affinity, it is interesting to note that higher temperatures induces a significant release of Cel7A from the substrate surface [21] . This may suggest that an enzyme with weaker substrate affinity such as Cel6A becomes less efficient as temperature raises, and this is relevant in industrial application that usually involves high temperatures.
The limited ability of Cel6A to find appropriate attack sites means that this enzyme experiences a comparably lower molar concentration of substrate. This interpretation can be further assessed by the double injection data in Fig. 3 . Here it appeared that a second dose of Cel6A was much less productive than the first dose. This difference between first and second dose was smaller for Cel7A, and we suggest that this reflect the onset of substrate depletion
13 (reduction in number of attack sites) either because the sites are occupied or already hydrolyzed.
To summarize, the combined analysis of conventional-and inverse MM-measurements revealed complementary kinetic properties of Cel7A and Cel6A. Cel6A is catalytically superior, and able to release cellobiose at a much higher rate than Cel7A, when substrate is plentiful. However, Cel6A is inferior in the sense that it is only capable of attacking a limited number of sites on the cellulose surface. One may say that the effective (molar) substrate concentration experienced by Cel6A at a given mass load of cellulose is much lower than the concentration experienced by Cel7A. For the substrate investigated here (Avicel) this difference was quite noticeable with an eight-fold higher number of attack sites for Cel7A, and this may be interpreted as a disparity in the (structural) specificity of the two enzymes. It appears relevant to further study how these kinetic properties are related to enzyme structure, and whether the differences are significant for the synergy between Cel6 and Cel7 enzymes. If indeed so, these differences may be important for the common occurrence of Cel6 and Cel7
CBHs in the secretome of cellulose degrading fungi.
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Highlights BBA  A direct kinetic comparison of Cel6A and Cel7A elucidates their differences  A conventional and an inverse Michaelis Menten approach were applied  The cellobiohydrolase Cel6A was catalytically superior compared to Cel7A  Cel7A is able to locate many more attack sites on the cellulose surface than Cel6A
